Purpose: To analyze a multidisciplinary community experience with oncoplastic breast surgery (OBS) and postoperative radiation therapy (RT).
O ver the past decade, oncoplastic breast surgery (OBS) has extended the boundaries of breast conservation for patients with breast cancer. Combining breast-conserving resection and plastic surgical reconstruction, OBS may allow patients with central and/or large breast tumors to achieve optimal oncologic and esthetic outcomes. [1] [2] [3] [4] The existing medical literature on this topic consists predominantly of surgical reports from university hospitals. Moreover, outcomes data are sparse in regard to combination treatment with OBS followed by postoperative radiation therapy (RT). 5, 6 Cosmesis is a critical endpoint for breast conservation. There is strong evidence that after standard lumpectomy followed by postoperative RT, cosmesis suffers with increasing breast tissue resection volumes. [7] [8] [9] As OBS techniques generally result in larger resection volumes and increased surgical manipulation of breast tissue than lumpectomy, there is significant potential for worse esthetic outcomes when OBS is followed by standard postoperative RT to the whole breast. [10] [11] [12] In that regard, herein we present early outcomes, including patient-reported cosmesis and satisfaction with OBS and RT at a large community hospital.
METHODS
Patients with localized breast cancer who underwent OBS followed by standard RT at Coastal Carolina Radiation Oncology (CCRO) between July 2006 and February 2012 were reviewed. The protocol for gathering and reporting this data was reviewed and approved by the Institutional Review Board of New Hanover Regional Medical Center. In 2011, the authors initiated a prospective phase II clinical trial of hypofractionated RT after OBS and these patients are excluded from the current analysis.
Surgery was performed as a single procedure in all cases. All patients had intraoperative evaluation of surgical margins by frozen section and, if initially positive, underwent immediate reexcision, all with ultimately negative surgical margins. Patients underwent partial mastectomy with immediate ipsilateral reconstruction and contralateral mammoreduction. Reconstruction was achieved using the Modified Wise pattern inferior pedicle mastopexy in most cases. For patients with tumors in the 5:00 to 7:00 axis, a superior pedicle, superomedial pedicle, or free nipple graft were performed. Surgical management of the axilla was dependent upon disease extent. During this time frame, patients found to have a positive sentinel node routinely underwent completion axillary nodal dissection.
The time interval between surgery and the initiation of RT was recorded. Postoperative RT was delivered using standard fractionation of 1.8 to 2.0 Gy daily to the whole breast with no boost, as no tumor bed was discernible to target. The treating radiation oncologist's evaluation of cosmesis was recorded at 1 to 3 months post-RT as: excellent, good, fair, or poor for each patient. No attempt was made to control for differences in perception of cosmesis among the treating physicians.
Beginning in November 2009, patients who had undergone OBS and were seen in consultation at CCRO for consideration of postoperative RT were offered participation in a prospective quality of life analysis. These 44 patients agreed to complete the Radiation Therapy Oncology Group (RTOG) Quality of Life Baseline (QLB) questionnaire pre-RT, post-RT, and 6 months after RT assessing their cosmesis and satisfaction with treatment. Final follow-up to assess patient-reported cosmesis and treatment satisfaction was through personal phone call from the lead author. The QLB questionnaire was the same instrument used for the National Surgical Adjuvant Breast and Bowel Project (NSABP) B39 trial. It included specific questions regarding breast size, shape, appearance and pain, as well as arm pain and stiffness. However, for the purposes of the current analysis, patient-reported outcomes were limited to overall cosmesis and treatment satisfaction. Possible choices for patients' assessment of cosmesis were the same as those for physicians: excellent, good, fair, or poor. Patients were also provided choices within the QLB survey to describe their overall treatment satisfaction pre-RT, post-RT, at 6 months, and at the final follow-up as: totally satisfied, somewhat satisfied, neutral, somewhat dissatisfied, or unsatisfied. The first 2 choices for this survey question were considered favorable.
Descriptive statistics were reported as frequencies, medians, and ranges. A logistic regression analysis was performed to evaluate the potential impact of patient, tumor, and treatment factors on the development of toxicity and ordinal logistic regressions assessed the relationships between survey ratings and demographic/treatment variables. Comparisons of ratings between pre-RT, post-RT, 6 months, and final surveys were tested by using an ANCOVA on the ranks, adjusting for the individual patient. Tests were run using SAS 9.0 (SAS Institute, Cary, NC). All tests were 2-tailed and a level of significance, a = 0.05 was used.
RESULTS
During 2008 to 2011, 79 patients were included in the study. Patients were predominantly white (85%, Table 1) , with a median age of 61.9 years. The vast majority (91%) had American Joint Commission on Cancer stage 0 to II disease.
Axillary surgery consisted of sentinel lymph node biopsy only in the majority of patients ( Table 2 ). Thirty patients (38%) received chemotherapy sequentially with RT, 8 (27%) of whom received it neoadjuvantly. The median time interval between OBS and initiation of RT was 9.6 weeks, though this interval ranged from 3 to 35 weeks since 22 patients received chemotherapy adjuvantly, between surgery and RT. The median RT dose was 46 Gy.
Fourteen patients (18%) developed surgical toxicities before the initiation of RT (Table 3 ). Among 22 patients who underwent standard axillary lymph node dissection, 4 (18%) developed symptomatic arm lymphedema. Other common surgical toxicities were mastitis and delayed wound healing. Five patients (6%) developed acute RT toxicities, all of which were skin related. The treating radiation oncologist rated patient cosmesis at 1 to 3 months post-RT as 3% excellent, 94% good, and 4% fair. No significant relationship was found between toxicity and the treatment-related variables of chemotherapy or radiation dose (Table 4) . At a median follow-up of 2.9 years, no patient had developed local or regional recurrence.
Beginning in November 2009, 44 patients received the RTOG QLB questionnaires for prospective evaluation of their cosmesis and treatment satisfaction. Among this group, 14 patients were excluded from the analysis for either not having completed a pretreatment questionnaire or not having completed any of the 3 possible follow-up surveys (posttreatment, 6 mo, or final). A total of 22 subjects completed all baseline and follow-up questionnaires for a complete response rate of 50%. However, those patients who had completed the pretreatment survey and at least 1 follow-up survey were included, for an overall response rate of 68% (Fig. 1) . Cosmesis was rated as excellent or good by 87% of patients pre-RT, 82% post-RT, 75% at 6 months, and 88% at the final follow-up. Patient ratings at pre-RT, post-RT, 6 months, and at final follow-up were not significantly different from each other; nor did ratings significantly increase or decrease over time (P = 0.7795, Table 5 ). An ordinal logistic regression of the cosmesis rating showed that age, whether chemotherapy was received, RT dose, time to RT, or follow-up time had no significant effect on pre-RT, post-RT, 6 month, or final follow-up scores.
Treatment satisfaction was rated as "total" or "somewhat" by 97% of patients pre-RT, 93% post-RT, 75% at 6 months, and 96% at final follow-up (P = 0.1638). As with cosmesis, ratings at each follow-up interval did not significantly differ from each other. There was a similar trend revealing lower treatment satisfaction at 6 months which improved at final follow-up. The ordinal regression analysis showed no relationship between demographic or treatment variables and treatment satisfaction. Although we tried to include race as a factor, the inclusion of this variable in the regression analysis resulted in quasi-separation of data due to small numbers (12 African American patients), which required this variable to be removed from the model.
DISCUSSION
This report describes reasonable early results with breast conservation utilizing OBS followed by postoperative RT to the whole breast. Reports from major university hospitals reveal favorable evaluations of cosmesis by the treating surgeons. [13] [14] [15] [16] The current report reveals similar favorable, albeit early, evaluations by radiation oncologists. However, as evaluations were made by the treating physician, bias is a factor. More importantly, patients' prospective evaluation of early cosmesis and overall satisfaction with OBS followed by RT was relatively high. These results are comparable with patients' assessments of their esthetic outcomes in reported surgical series. 17, 18 There was a decrement in cosmesis as evaluated by patients at 6 months after completing surgery and RT. This difference was not statistically significant, an unsurprising result given the relatively small size of the group in this report. Unfortunately, a control group of patients treated with OBS alone (no adjuvant RT) is lacking. Thus, it remains unknown whether the trend of decline in QOL scores at 6 months after completion of postoperative RT may be clinically significant. Potential reasons for this decline in patients' perceived cosmesis at 6 months after treatment include RT fibrosis, progressive surgical scarring, or merely patients' evolving opinions of their cosmesis over time. The upward trend in patient-reported cosmesis and treatment satisfaction between the 6-month mark and final follow-up is encouraging. However, as the final follow-up for these 2 patient-reported outcomes was through phone call from the lead author, patients may have reported answers which they thought would be more pleasing to the physician.
With regard to long-term oncologic outcomes, the relatively short follow-up in the current report limits meaningful commentary for this group of patients with early-stage breast cancer. The surgical literature supports an ipsilateral breast tumor recurrence rate ranging from 0% to 2% annually for patients with early-stage disease treated with OBS. [19] [20] [21] Details are lacking about delivery of postoperative RT in most OBS reports, making the current report quite valuable. Because postlumpectomy RT has been proven to improve not only local control but also survival, it remains a standard component of breast conservation therapy. 22 The potential to achieve more "widely negative" surgical margins with OBS may tempt some surgeons to forego patient referral to radiation oncology. Unfortunately, there is no data to substantiate the seemingly intuitive assumption that wider margins result in improved local tumor control or survival. Which subset of patients treated with oncoplastic techniques for their breast-conserving surgery (if any) does not require postoperative RT to minimize cancer recurrence risk? This question remains to be answered, ideally through a clinical trial. 
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Shorter RT fractionation schemes have proven to be safe and effective in randomized trials for patients with early-stage breast cancer treated with standard lumpectomy. 23, 24 However, theoretical concerns arise with respect to fibrosis when higher daily doses of RT are delivered after large-volume breast resections, and in patients undergoing OBS, the surgery is more extensive than that of a standard lumpectomy. Our group has initiated a phase II clinical trial evaluating cosmesis with hypofractionated RT after OBS to evaluate this question. Accrual has been brisk and trial closure is anticipated in late 2013.
There are other limitations to the current study. The retrospective nature of the analysis on the entire patient cohort (N = 79) may have resulted in selection bias. The authors have attempted to account for this potential bias by including all patients who underwent OBS, were referred for radiation oncology consultation, and underwent postoperative RT at CCRO. The quality of any retrospective case series is also dependent upon the accuracy and completeness of the medical record. No attempt was made to account for differences in perceived cosmesis among the treating radiation oncologists. The prospective subgroup assessment of cosmesis and overall treatment satisfaction is limited by small numbers and moderate questionnaire response rate. Multivariate analysis of the potential impact of patient and treatment factors on toxicity revealed no clear correlation, though this type of analysis is also hampered by small sample size. With a larger prospective patient cohort, as in our ongoing clinical trial, comparisons over time (between baseline and posttreatment) may be more meaningful.
CONCLUSIONS
OBS followed by standard whole-breast RT yielded an acceptable toxicity profile and favorable physician-rated cosmesis in this large community series. Patients' ratings of cosmesis and treatment satisfaction were relatively high overall, with an apparent nadir at 6 months after surgery and adjuvant RT. Late cosmesis, as well as long-term oncologic outcomes, will be evaluated for a similar group of patients treated on our prospective phase II trial of OBS followed by hypofractionated RT. 
